Cerebrospinal fluid (CSF) analysis is a classic tool for diagnosing infectious diseases of the nervous system (NS).
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When should I ask for a lumbar puncture in a case of acute bacterial meningitis?
In classical clinical manifestations 2 :
• Fever mainly of unclear origin or from a toxemic syndrome: in 90-95% of the cases; • Headache and vomiting (intracranial hypertension): in 80-90% of the cases; • Nuchal rigidity, Kernig and Brudzinski signs (meningeal syndrome): in 80-90% of the cases; • Mental status compromised: 17; • All three syndromes (meningeal, toxemic and intracranial hypertension): 44%; two of these syndromes: 95%. In special clinical presentations 3, 4 : • In elderly individuals: (a) less frequent clinical manifestations: fever (65%); headache (50%); meningeal syndrome (55%); and (b) more frequent findings: mental status alterations (80%);
• In children, meningitis should be systematically suspected and lumbar puncture needs to be requested more frequently, in cases of fever, irritability, lethargy, vomiting or seizures; • In home-care patients: underlying pathological conditions and special care needs may change the susceptibility to infectious agents that has to be considered in each case; • Sometimes it may take longer for meningitis to become evident (12 to 24 hours) in a patient with an unsuspec ted immunological deficit or with particular susceptibi lity to a bacterial agent, thus making the diagnosis more difficult.
When should lumbar puncture be avoided?
• When there are clear signs of systemic infection by meningococcus. You can introduce bacteria into the CSF system through the lumbar puncture; • When there is intracranial hypertension and the toxemic syndrome is mild or absent. You can ask for an image and await clearer definition; • You need to have a brain image before asking for CSF analysis when focal signs seen on neurological examination suggest a cerebral mass lesion or massive edema that may put the patient at risk; or in cases of Glasgow <10, seizure or papilledema.
What should I ask for in a CSF analysis and what is really important?
It is very important to know: • Whether the opening pressure is elevated. This suggests that blood-brain-barrier (BBB) breakdown has occurred, and the disease tends to be more severe in such cases; • Whether there is any inflammatory reaction in the CSF sample. This is the most important parameter for define whether meningitis is present or not. In a situation of immunodepression or in a premature newborn, this evidence may be lacking; • Whether neutrophils predominate, generally accounting for more than 90% of the profile. The presence of neutrophils is evidence that bacterial antigens may be present in the CSF sample; • Whether the glucose concentration is low. Glucose consumption through the process of phagocytosis of bacteria by neutrophils causes a low glucose concentration in the CSF sample. Thus, in a simple manner, while the glucose level is low, bacteria are being destroyed by neutrophils; • Whether the lactate concentration is high. This is due to a local anaerobic metabolism resulting from clearance of bacteria by neutrophils. It is of great interest to determine the lactate concentration (which is independent of the serum levels and reflects only the CSF metabolism), in parallel with the glucose concentration (which is continuously influenced by the serum glucose concentration logy (sensitivity 50%; low specificity). Morphology and staining by Gram method in bacterial meningitis may be not so easy as it appears and the same bacteria may show variation from case to case; • Success in detecting antigens from the classical community bacteria, through the latex test (sensitivity 49-78%; specificity >95%); • Culture growth (sensitivity 50-70%; high specificity), when no antibiotics were taken previously; • Positive genomic tests ( from PCR): sensitivity 80-95%; specificity >95%.
Acute viral meningitis
Viral meningitis is a benign infection of the CNS, and the CSF diagnosis is usually very easy. There are just a few noteworthy observations:
• High percentages of neutrophils may be observed in meningitis caused by enteroviruses, especially by coxsackievirus. These neutrophil levels decrease dramatically after the first 24 hours;
• PCR for enteroviruses is available in real time and allows rapid and safe diagnosis of enterovirus-caused meningitis; • Repeated episodes of meningitis are frequently caused by the herpes genital virus HSV-2. The diagnosis needs to be suspected and the patient must be actively asked.
Immunological tests are very sensitive and specific; • ADA needs to be investigated, and it is very important to distinguish benign viral meningitis from tuberculosis, from fungal or herpetic meningoencephalitis and even from lymphoma.
HSV-1 encephalitis
This is a very severe disease, with high mortality and morbidity rates. Early diagnosis is imperative in order to allow neurologists to treat these patients successfully 5, 6 .
When should I ask for a lumbar puncture?
• In cases of abrupt changes of behavior or personality with or without nuchal rigidity, with low fever and with normal magnetic resonance imaging (MRI); • In cases of patients without overt intracranial hypertension but with altered mental status, together with two of the following signs: fever >37.5°C; convulsions; focal neurological signs; or suggestive MRI.
What should I ask for in a CSF analysis and what is really important?
• Full CSF analysis: xanthochromia; cytology; biochemistry (proteins, glucose, lactate, ADA and protein electrophoresis); exclusion microbiological tests; • Specific anti-HSV-1 antibodies (IgG and IgM);
• PCR for HSV-1 (the gold standard).
What can I expect?
• Xanthochromia caused by red blood cell breakdown, since HSV-1 encephalitis causes a necrotic and hemorrhagic cerebral lesion; • More than 5 cells/mm 3 ;
• Increased proteins, usually to more than 80 mg/dL; • Normal or slightly altered glucose/lactate concen tra tions; • Increased ADA activity. The ADA increase may maintain some form of relationship with the extent of the brain lesion; • Positive PCR for HSV-1 (sensitivity >95%; specificity >98%). This sensitivity is higher in the first four days; • Specific IgG antibodies. They may be absent from the first CSF sample, but usually show a strong increase after 10-12 days. A significant increase in IgG titers over this time period has a diagnostic value similar to positive PCR; • Specific IgM antibody detection is seen less frequently in HSV-1 encephalitis. When the viral particles pass from the latent to the reactive phase, IgM levels increase, but insufficiently to reach the detection limit.
Neurotuberculosis
Tuberculous meningitis (TBM) is a form of extrapulmonary tuberculosis that is usually severe. In most cases, it consists of chronic meningoencephalitis with high mortality and morbidity 5 . Death occurs in two principal ways: through associated intracranial hypertension and secondary vasculitis.
When should I for ask a lumbar puncture?
• In cases of chronic general health decline, weakness, chronic pulmonary disease and low fever, but without overt intracranial hypertension; • In cases of non-hypertensive hydrocephaly;
• In cases of "viral" meningitis lasting for more than two or three weeks; • PCR positive for genomic sequences of Mycobacterium tuberculosis: sensitivity 49-85%; specificity 94-100%. The stronger the presence of tuberculous bacterial antigens in the CSF is, the greater the neutrophil concentration that ensues and the higher the PCR sensitivity becomes.
Neurocryptococcosis
Cryptococcosis is an opportunistic chronic infection that affects the NS mainly in patients with immunodeficiency 5 . It is caused most frequently by Cryptococcus neoformans variety neoformans and by Cryptococcus neoformans variety gattii. The latter is responsible for a more severe clinical form.
When should I ask for a lumbar puncture?
• In cases of severe intracranial hypertension without mass effect; • In cases of non-hypertensive hydrocephaly; • In cases of "tuberculous meningitis" that are unresponsive to anti-tuberculous treatment; • In HIV-positive cases of immune reconstitution inflammatory syndrome (IRIS); • In cases of neurocryptococcosis with intracranial hypertension that is hard to control, especially when visual loss is imminent. In these cases, repeated lumbar puncture is required preceding the shunt surgery, at least three times a week and if possible in different lumbar spaces, using a 20 or 21G traumatic (Quincke) needle.
What should I ask for in a CSF analysis and what is really important?
• Full CSF analysis: opening pressure; cytology; biochemistry (proteins, glucose, lactate and ADA); • China ink test; • Latex test for Cryptococcus neoformans; • Sabouraud culture: growth ranging from a few days to one month.
What can I expect?
CSF general analysis is very similar to the analysis in neurotuberculosis cases, except for:
• Positive search for soluble Cryptococcus antigen through the latex test: sensitivity 95%; specificity ~100%; • Positive culture for Cryptococcus neoformans: in 70-90% of the cases.
Neurocysticercosis
The most important factors to be considered in diagnosing neurocysticercosis (NC) are the clinical manifestations, the MRI and CT images and the CSF-specific tests 7 . NC has two main forms based on clinical, imaging and laboratory data: (a) NC in cerebral parenchymal form; (b) NC in CSF space form 8 . In about 20-30% of the cases, the two forms may appear together in the same patient.
When should I ask for a lumbar puncture in cases of the parenchymal form of NC?
• In cases of NC with severe or persistent headache in which no mass effect is detectable through imaging; • In cases of non-hypertensive degenerative cists with an annular or nodular appearance and without active cysts presenting scolex. The differential diagnosis with tuberculosis, mycosis or even cancer may be difficult.
When should I ask for a lumbar puncture in cases of the CSF space form of NC?
• In cases of chronic meningitis;
• In cases of non-hypertensive hydrocephaly;
• In acquired cases of recurrent epileptic crises, with normal MRI and CT; • In cases of meningeal thickening or arachnoiditis;
• In all cases of clinical intracranial hypertension without focal signs, in areas endemic for NC. Accurate image investigation must precede the lumbar puncture.
What should I ask for in a CSF analysis and what is really important?
• The opening pressure, which is more important in CSF space NC; • The classical components of CSF syndrome in NC cases, as described by Lange in 1936: increased number of cells; presence of eosinophils; and detection of specific antiTaenia antibodies, investigated through a routinely used Weinberg reaction 9 ; • Transitory intense neutrophil profile in the acute phase of cyst degeneration; • Deceased glucose and increased lactate concentration in more severe cases; • Increased gamma globulin in protein electrophoresis; • Specific antibody search, using more than one immunological reaction: currently indirect immunofluorescence, passive hemagglutination and ELISA. The classical enzyme-linked immunoelectrotransfer blot (EITB) is only a good test for serum diagnosis of taeniasis, and not for diagnosing NC; • Taenia antigens, especially in NC cases with negative antibody tests.
What can I expect?
• The results that can be expected from CSF analysis in NC cases are as shown in Tables 1 and 2 10 : • Taenia antigen searches have been found to be positive in 57.1% of parenchymal NC cases 11, 12 .
Neurosyphilis CSF analysis is the preferred method for diagnosing neurosyphilis (NS) 13 . The prevalence of NS has been increasing over recent decades, mainly as a comorbidity with AIDS 14, 15, 16 . When should I ask for a lumbar puncture in NS cases? 1. In late syphilis cases, even when no neurological symptoms or signs are detected; 2. In syphilis patients at every phase in which neurological symptoms appear; 3. In HIV-positive patients with some neurological com plaints.
What should I ask for in a CSF analysis and what is really important?
• The classical full CSF analysis 17 , including protein electrophoresis (PEP). Surprisingly, in a recently described criteria, PEP was not included as an important diagnostic tool, or for establishing the evolution profile of NS patients after penicillin treatment 14, 18, 19 ;
• The VDRL (Venereal Disease Research Laboratory) test to search for antibodies against the cardiolipin-lecithincholesterol antigen in CSF. This is the most important reaction for diagnosing NS; • At least one treponemal reaction: Fluorescent Treponemal Antibody -absorption (FTA abs), passive hemagglutination, ELISA or Treponema pallidum particle agglutination (TPPA). Most of the antigens used in these reactions come from saprophytic treponemes, since Treponema pallidum does not grow in culture media 5, 18, 19 ; • PCR for Treponema pallidum, which is the most up-todate test for diagnosing NS
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What can I expect?
• The CSF analysis is abnormal in 70% of NS patients. The main results from CSF general analysis are described in Table 3 20 :
• . Because they have high sensitivity, these tests can detect serum antibodies even at relatively low concentrations, which can reach the NS through the blood-brain barrier in patients without NS;
• PCR for Treponema pallidum has low sensitivity (50%), probably because the T. pallidum concentration in the brain is known to be very low; • The decrease in the number of cells is the simplest and most precise criterion for assessing the improvement of NS after treatment: the cell numbers tend to become normal within six months. In HIV-positive patients, however, a more important and persistent increase in cell numbers is frequently found
16
; • Increased protein levels may persist for a longer time, up to a matter of years, without any relationship with the success of the treatment; • Persistent VDRL test titers after specific treatment may be also a criterion for instituting new treatment; • Successful treatment for parenchymal NS is marked by a slow but constant decrease in the percentage of gamma globulin in CSF. Persistently high or increasing percentages of gamma globulin may be a criterion for new treatment for NS (Nitrini, 1987) 20 . In conclusion, CSF analysis is still the most useful tool for diagnosing NS infectious diseases.
CSF analysis very frequently makes the difference to the diagnosis, not only in relation to infections but also in other diseases of the NS such as inflammatory, demyelinating, neoplastic and degenerative diseases. However, CSF should not be taken to be a test performed in isolation but should always be interpreted together with clinical and imaging data. 
